METHOD FOR PRODUCING COMPOSITE STRUCTURE AND 
COMPOSITE STRUCTURE PRODUCED THEREBY 

BACKGROUND OF THE INVENTION 
5 The present invention relates to a method for producing a composite 

structure having a three-dimensionally curved portion and a cylindrical portion, 

and to a composite structure produced thereby. 

Composite prepregs are light in weight and high in strength, so that they 

have been widely used as a material for automobiles, ships;, aircrafts, etc. , 
1ft Aircrafts using the composite prepreg generally contain a composite structure 
111" jiaying ji three-dimensionally curved portion and a cylindrical P 0 ^^ 1 *- Such a 
FU composite structure is usually composed of a honeycomb sandwich panel or a 
^3 stiffened panel. 

~~ The composite structures composed of a honeycomb sandwich panel are 

C4 produced by the steps of: cutting a honeycomb material into a desired shape to 

I y obtain a honeycomb core; laminating the honeycomb core with skins made of a 

I I composite prepreg on a forming die in a sandwich form to prepare an assembly; 
and forming the assembly by heating under a pressure. Thus, the composite 
structures composed of a honeycomb sandwich panel can be produced by 

20 relatively simple processes with reduced production cost. However, such 
composite structures are often disadvantageous in that sufficient weight- 
reducing effect is not achieved. 

On the other hand, the composite structures composed of a stiffened 
panel are produced by the steps of: laminating skins and stiffeners (stringers and 

25 frames) each made of composite prepregs on a forming die to prepare an 
assembly; and forming the assembly by heating under a pressure using a 
pressure bag, etc. The stiffened panels, particularly such that the skins and the 
stiffeners are integrally formed, are superior in weight-reducing effect to the 
honeycomb sandwich panels. However, in the case where the stiffened panel is 
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produced by integrally forming the skins and the stiffeners, the stiffeners are 
preformed and then integrated with the skins while using a jig on the die, 
thereby increasing production cost. In particular, when the stiffened panels are 
used for the three-dimensionally curved portions, the production cost is 
5 remarkably increased. 

OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide a method for producing a 
sufficiently lightweight composite structure having a three-dimensionally curved 
lift portion and a cylindrical portion with reduced production cost, and a composite 
CO structure produced by the method. 

ru As a result of intensive research in view of the above object, the inventor 

□ has found that a sufficiently lightweight composite structure having a three- 
~~ dimensionally curved portion and a cylindrical portion can be produced with 
ljf reduced production cost by forming the three-dimensionally curved portion 
IT* composed of a honeycomb sandwich panel and the cylindrical portion composed 
II of a stiffened panel at the same time. The present invention has been 
accomplished by the finding. 

Thus, a method of the present invention for producing a composite 
20 structure having a three-dimensionally curved portion and a cylindrical portion 
comprises the steps of: (a) placing an outer skin made of a composite prepreg on 
a forming die; (b) mounting a honeycomb core on a portion of the outer skin that 
forms the three-dimensionally curved portion; (c) superimposing an inner skin 
made of a composite prepreg thereon; (d) arranging a preformed frame member 
25 and a preformed stringer member each made of a composite prepreg on a 
portion of the inner skin that forms the cylindrical portion to prepare an 
assembly; and (e) forming the assembly by heating under a pressure. 

The honeycomb sandwich panel is generally formed under a pressure of 
approximately 3 kg/cm 2 , and the stiffened panel is generally formed under a 



pressure of approximately 6 kg/cm 2 . Conventionally, when the honeycomb 
sandwich panel and the stiffened panel are formed at the same time under a 
pressure of 3 kg/cm 2 , the stiffened panel is deteriorated in its quality. On the 
other hand, when they are formed at the same time under a pressure of 6 kg/cm , 
5 an edge portion of a honeycomb core contained in the honeycomb sandwich 
panel is often unable to withstand the pressure, resulting in deformation (crush) 
thereof. 

Therefore, in the present invention, the above assembly is preferably 
formed by heating under a pressure while disposing an elastic plate and a press 
II) plate on a fin portion where the outer skin and the inner skin overlap each other, 
CO to prevent the crush of the honeycomb core. Also, a fin portion having a width 
f U of 500 mm or more can sufficiently prevent the crush of the honeycomb core 
%j without the elastic plate and the press plate. Thus, in this invention, the 
» honeycomb sandwich panel and the stiffened panel can be formed at the same 
±5 time under a pressure of approximately 6 kg/cm 2 without the crush of the 
ry honeycomb core and insufficient forming. The pressure is preferably 6 to 7 
11 kg/cm 2 . 

A plurality of the preformed frame members may be linearly arranged at 
an interval on the portion of the inner skin that forms the cylindrical portion, one 

20 or more of the preformed stringer member passing through the interval and 

intersecting the preformed frame members. In this case, it is preferable that the 
assembly is formed by heating while using a forming jig comprising a 
combination of an elastic jig engageable with the intersection of the preformed 
frame members and the preformed stringer member, and rigid jigs attachable to 

25 the members in portions other than the intersection. 

The method of the present invention can be suitably used for producing 
an aircraft body. Further, a composite structure of the present invention is 
obtainable by the method. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a fragmentary perspective view showing an example of a 
composite structure according to the present invention; 

Fig. 2 is a fragmentary sectional view showing an embodiment of a 
5 method for producing composite structure according to the present invention; 

Fig. 3 is a fragmentary sectional view showing another embodiment of a 
method for producing composite structure according to the present invention; 

Fig. 4 is a perspective view showing an embodiment of arranging 
preformed frame members and preformed stringer members on an inner skin in a 
LOj method for producing composite structure according to the present invention; 
}% Fig. 5 is a fragmentary sectional view showing an elastic plate and a 

rjl press plate in the case of using a forming die having a curved surface in a 
,3 method for producing composite structure according to the present invention; 
" Fig. 6 is a perspective view showing a state where a forming jig 

comprising a combination of elastic jigs and rigid jigs is provided on the 
It preformed frame members and the preformed stringer members shown in Fig. 4; 
S3 Fig. 7 (a) is a sectional view showing an example of an elastic jig which 

can be preferably used in the present invention; 

Fig. 7(b) is a front view showing a state where the elastic jig shown in 
20 Fig. 7(a) is engaged with the intersection of preformed frame members and a 
preformed stringer member, a rigid jig being combined therewith; and 

Fig. 8 is a fragmentary perspective view showing a state of fixing 
preformed stringer members and preformed frame members onto an inner skin 
by fixing means. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A method of the present invention for producing a composite structure 
having a three-dimensionally curved portion and a cylindrical portion comprises 
the steps of: (a) placing an outer skin made of a composite prepreg on a forming 



die; (b) mounting a honeycomb core on a portion of the outer skin that forms the 
three-dimensionally curved portion; (c) superimposing an inner skin made of a 
composite prepreg thereon; (d) arranging a preformed frame member and a 
preformed stringer member each made of a composite prepreg on a portion of 
5 the inner skin that forms the cylindrical portion to prepare an assembly; and (e) 
forming the assembly by heating under a pressure. A composite structure of 
the present invention is obtainable by this method. The present invention will 
be explained in detail below with reference to Figs. 1 to 8. 

Fig 1 is a fragmentary perspective view showing an example of a 
1A composite structure according to the present invention. A composite structure 
if S 1 according to the present invention has a three-dimensionally curved portion 2 
l[i and a cylindrical portion 3 ; The three-dimensionally curved portion 2 is 
5 composed of a honeycomb sandwich panel containing a honeycomb core 6 
" between an outer skin 4 and an inner skin 5, and the cylindrical portion 3 is : 
Y$i composed of a stiffened panel containing stringers 7 and frames 8. Each of the 
It outer skin 4, the inner skin 5, the stringers 7 and the frames 8 is made of a 
H composite prepreg. The shape of the three-dimensionally curved portion and 
the cylindrical portion is not limited by Fig. 1 . The composite structure may 
have such a portion as a flat plate-shaped portion, etc. other than the three- 
20 dimensionally curved portion and the cylindrical portion, so that a complicated 
shaped portion is composed of the honeycomb sandwich panel and a simple 
shaped portion is composed of the stiffened panel in the present invention. 

Fig. 2 is a fragmentary sectional view showing an embodiment of the 
method for producing a composite structure according to the present invention. 
25 In Fig. 2, all elements are simply illustrated by straight lines, however, the 

present invention is not limited thereby. In the present invention, an outer skin 
4 made of a composite prepreg is placed on a forming die, then, a honeycomb 
core 6 is mounted on a portion of the outer skin 4 that forms the three- 
dimensionally curved portion 2, and an inner skin 5 made of a composite 
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prepreg is superimposed thereon. A preformed frame member 8a and a 
preformed stringer member (not shown in Fig. 2) each made of a composite 
prepreg is arranged on a portion of the inner skin 5 that forms the cylindrical 
portion 3 to prepare an assembly. Subsequently, three-dimensionally curved 
5 portion 2 and the cylindrical portion 3 of the assembly are concurrently formed 
by heating under a pressure to produce the composite structure. An adhesive 
may be applied between each of the elements if necessary, and a vacuum bag, a 
sealing agent, etc. may be used in forming. 

In the present invention, a thermosetting resin or a thermoplastic resin 
lf)t contained in the composite prepreg is fluidized by heating under pressure to 
r 9 integrally form the outer skin 4, the inner skin 5, the preformed frame member 
ry 8a and the preformed stringer member. It is particularly preferred that the 
, ^ assembly is formed by heating under a pressure while disposing an elastic plate 
" 10 and a press plate 1 1 on a fin portion where the outer skin 4 and the inner skin 
1'5 5 overlap each other as shown in Fig. 2. As a result, the slipping of the skins is 
Jf; suppressed by friction enhanced by the applied pressure and the edge effect of 
W the press plate, to prevent the crush of the honeycomb core 6 even in the case of 
the high applied pressure, for example, 6 kg/cm 2 . Also, when the width LI of 
the fin portion is 500 mm or more, the honeycomb core 6 is sufficiently 
20 prevented from crushing without the elastic plate 10 and the press plate 1 1 . 

The forming pressure employed in the present invention is preferably 5 
to 7 kg/cm 2 , more preferably 6 to 7 kg/cm 2 . According to the present 
invention, the honeycomb sandwich panel and the stiffened panel can be 
concurrently formed under a higher pressure than that according to conventional 
25 methods where the honeycomb sandwich panel is formed under a pressure of 
usually 3 to 4 kg/cm 2 , resulting in no insufficient forming due to pressure 
shortage. Although the heating temperature may be selected depending on the 
kind of the thermosetting resin or the thermoplastic resin contained in the 
composite prepreg, the heating temperature is preferably 120 to 250 °C in 



general. 

To form the stringers and frames with high shape and position accuracy, 
the assembly may be formed by heating while using a forming jig. In the 
present invention, a plurality of the preformed frame members may be linearly 
5 arranged at an interval on the portion of the inner skin that forms the cylindrical 
portion, one or more of the preformed stringer member passing through the 
interval and intersecting the preformed frame members. In this case, it is 
preferable that the assembly is formed by heating while using a forming jig 
comprising a combination of an elastic jig engageable with the intersection of 
IjX the preformed frame members and the preformed stringer member, and rigid jigs 
li attachable to the members in portions other than the intersection. The use of 
"j* such a forming jig makes itpossible to integrally form the stiffened panel, 
^ particularly such that has a simple shape, at lower cost. 

^ The method for producing a composite structure according to the present 

IIP i went ionJs^iiited^Q automobiles, vessels , 

K aircrafts, etc., particularly aircraft bodies having a cabin corresponding to the 
o above-mentioned cylindrical portion and a cockpit corresponding to the above- 
mentioned three-dimensionally curved portion. Thus, the cabin having a 
simple shape is composed of the integrally formed stiffened panel to reduce the 
20 weight of the aircraft body, and the cockpit is composed of the honeycomb 
sandwich panel to decrease production cost. 

Respective elements of the present invention will be described in more 
detail below. 

25 [1] Forming Die 

The forming die used in the present invention may be made of a metal, a 
carbon fiber-reinforced plastic, etc. As shown in Fig. 3, the forming die 9 may 
have a forming surface which the honeycomb core is mounted on, and an edge 
surface which the elastic plate 10 and the press plate 1 1 are disposed on. An 
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angle Gl between the forming surface and the edge surface is preferably 30 to 
180°. The angle 91 is particularly preferably 45 to 90° (60° in Fig. 3), to 
sufficiently prevent the skins from slipping even in the case where the widths L2 
and L3 of the elastic plate 10 and the press plate 1 1 are made smaller. 

5 

[2] Outer Skin and Inner Skin 

The outer skin and the inner skin are each made of such a composite 
prepreg that may be a woven fabric of a reinforcing fiber such as a carbon fiber, 
a glass fiber, an aramid fiber, etc., impregnated with a thermosetting resin or a 
ICS thermoplastic resin. Preferred as the thermosetting resin is an epoxy resin, and 
CO preferred as the thermoplastic resin is a nylon. The outer skin and the inner 
riJ skin are preferably made of the same material, although they may be made of 
,3 the different materials. 

Y% [3] Honeycomb Core 

. f Z The honeycomb core used in the present invention may be made of a 

; [J paper, a paper impregnated with a resin, a plastic, aluminum, a steel, etc. 

Amorig them, an aramid fiber-reinforced thermosetting resin having hig;h 

specific strength is preferably used for the honeycomb core, and in this case, the 
20 thermosetting resin is preferably a phenolic resin. 

The honeycomb core preferably has a tapered portion provided by 

chamfering. In Fig. 3, the honeycomb core edge angle 02 may be 30 to 90°, 

preferably 30 to 45° to sufficiently prevent the honeycomb core from crushing. 

In the method of the present invention, the honeycomb core edge angle can be 
25 made larger than those in conventional methods, usually 30° or less, so that the 

tapered portion being a dead space can be made small, to design the composite 

structure in a various shape. 

[4] Preformed Stringer Member and Preformed Frame Member 
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There is no particular limitation on the shape of the preformed stringer 
member and the preformed frame member, and they may be T-shaped as shown 
in Fig. 2, or C-shaped, J-shaped, etc. Further, the number and the positional 
relationship of the preformed stringer member and the preformed frame member 
5 arranged on the inner skin are also not particularly limited, may be such as 
shown in Fig. 4. In Fig. 4, preformed frame members 8b, 8c and 8d each 
having a base portion and a projecting portion are linearly arranged at an 
interval, and preformed stringer members 7a and 7b each having a base portion 
and a projecting portion pass through the interval and intersect the preformed 
lflj frame members 8b, 8c and 8d. Each base portion of the preformed frame 
li members 8b, 8c and 8d partially has a step. 

f y The preformed stringer member and the preformed frame member may,, 

J be each preliminarily formed by laminating a plurality of composite prepregs, 
I * and by making a resin contained therein react or weld with each other. Each - 
15^ composite prepregs used for the preformed stringer member and the preformed 
ITi frame member is preferably such a woven fabric of a reinforcing fiber such as a 
H carbon fiber, a glass fiber, an aramid fiber, etc. that is impregnated with a 
thermosetting resin or a thermoplastic resin. The thermosetting resin is 
preferably an epoxy resin, and the thermoplastic resin is preferably a nylon. 
20 The preformed stringer member and the preformed frame member are preferably 
made of the same material, although they may be made of the different 
materials. Further, it is particularly preferred that the preformed stringer 
member, the preformed frame member, the outer skin and the inner skin are 
made of the same material. The preformed stringer member and the preformed 
25 frame member are preferably arranged on the inner skin in a semi-hardened 
state. 



[5] Elastic Plate and Press Plate 

The elastic plate and the press plate used in the present invention may 
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have a simple flat plate shape, independently of the shape of the forming die. 
As shown in Fig. 5, even when the forming die 9 has a curved shape, the use of 
the elastic plate 10 allows the applied pressure to be uniformly transmitted to the 
skins, owing to the elasticity thereof 
5 In Fig. 5, the width L2 of the elastic plate 10 and the width L3 of the 

press plate 1 1 may each be 40 mm or more for sufficient prevention of the crush 
of the honeycomb core and are preferably 40 to 250 mm for practical 
application. Each of the elastic plate and the press plate has a thickness of 
preferably 0.3 to 2 mm, more preferably 0.5 to 1 mm. When the thickness is 
ltP less than 0.3 mm, the crush of the honeycomb core is not sufficiently prevented. 
CO On the other hand, when the thickness is more than 2 mm, the plates often do 
t U not match the shape of the forming die. Thus, the elastic plate and the press 
\i- plate used in the present invention are very thin, so that they neither become . 
s obstacle in applying a vacuum bag nor break the vacuum bag. V 
1 ± The elastic plate is preferably made of an elastomer having flexibility 

ry and heat resistance, more preferably made of a silicone rubber. The press plate 
It is preferably made of a material excellent in strength and rigidity and low in 
thermal expansion. As such a material, there can be mentioned metals such as 
a steel, a stainless steel and aluminum; graphite; carbon fiber-reinforced plastics, 
20 etc. Among them, aluminum is particularly preferred. 

[6] Forming Jig 

Fig. 6 shows a state where the above-mentioned forming jig 12 
comprising a combination of the elastic jigs 13 and the rigid jigs 14 is provided 
25 on the preformed stringer members 7a and 7b, and the preformed frame 

members 8b, 8c and 8d shown in Fig. 4. The elastic jigs 13 are engaged with 

the intersections of the preformed frame members 8b, 8c and 8d, and the 

" — 

preformed stringer members 7a and 7b. The rigid jigs 14 are attached to the 
members in portions other than the intersections^ ThusThi the present 



invention, the elastic jig and the rigid jig is preferably used in combination with 
each other while compensating the disadvantages of each jig. That is, the 
elastic jig may be used at the intersection having a complicated shape to achieve 
high dimensional accuracy, while the rigid jigs fix the elastic jig at 
5 predetermined positions to achieve high positional accuracy. 

The elastic jig may have any shape as long as it can be used in 
combination with the rigid jigs and can be fitted to the intersection of the 
preformed stringer member and the preformed frame members. In order to 
obtain excellent forming accuracy, the width of the elastic jig in the direction of 
IP arrangement of the preformed frame member is preferably slightly larger in a 
CO free state than when combined with the rigid jigs for the formation of a 
I II composite structure; For example, the width L4 of the elastic jig 13 before the 
■%3 forming operation shown in Fig. 7(a) is preferably larger than the width L5 of 

the elastic jig 13 after the forming operation shown in Fig. 7(b), and specifically, 
lS they preferably satisfy the relation of 2 % < [(L4 - L5) / L5] x 100 % < 5 %. 
fy The elastic jig is preferably made of an elastomer having elasticity, heat * 
li resistance and releasability, more preferably made of a silicone rubber. 

The rigid jig is not critical in shape, it can be in any shape as long as it 
can maintain the positional accuracy of the composite structure in combination 
20 with the elastic jig. The rigid jig is preferably made of a material excellent in 
dimensional stability, strength and rigidity, and low in thermal expansion. As 
such a material, there can be mentioned metals such as a steel, a stainless steel 
and aluminum; graphite; carbon fiber-reinforced plastics, etc; Among them, 
aluminum is particularly preferred. 
25 The forming jig mentioned above is preferably used together with two or 

more fixing means for fixing the preformed stringer member and/or the 
preformed frame member onto the inner skin. For example, ends of the 
preformed frame members may be fixed to the inner skin 4 with fixing means 15 
as shown in Fig. 8 (rigid jigs, etc. are not shown). The relative positional 
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accuracy of the preformed stringer members and the preformed frame members 
is secured by using the combination of the elastic jig and the rigid jig, so that 
mere fixing of the members at ends with the fixing means can secure the entire 
positional accuracy without a large positioning jig, etc. The fixing mean may 
be fusion bonding by partial heating using a dryer, a low-temperature solder 
iron, etc., as well as a mechanical restricting mean such as a screw, a cramp, etc. 

Though the present invention has been explained above with reference to 
the attached drawings, the present invention is not restricted thereto, and any 
variations and modifications are possible unless the scope and spirit of the 
present invention are changed. 

As described in detail above, in a method of the present invention, a 
sufficiently lightweight composite structure having a three-dimensionally curved 
portion and a cylindrical portion can be produced with reduced production cost 
by simple processes comprising a step of forming a honeycomb sandwich panel 
and a stiffened panel at the same time. Further, the composite structure can be 
formed under such a high pressure as approximately 6 kg/cm , thereby 
preventing insufficient forming due to pressure shortage. The method of the 
present invention is very useful for the production of the aircraft body. 
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